Objectives: To evaluate the surgical and functional outcomes of our single institution's 15-year experience with surgically treated rectourethral fistulas using a modification of the York Mason technique. Methods: Prospectively recorded data between 2002 and 2016 of all patients who underwent transsphincteric repair of rectourethral fistula using a modified York Mason technique at Eskilstuna County Hospital, Eskilstuna, Sweden, were assessed. A total of 20 consecutive patients, including 17 referrals (85%) and three patients (15%) from our hospital have undergone the modified York Mason procedure. The surgical and functional outcomes were evaluated. Results: Of the 20 patients, 18 were repaired successfully (90%), and one was combined with a dartos muscle interposition flap. No fistula recurrence occurred in the 18 successful repairs during the median follow-up time of 84.7 months. Before fistula repair, 12 patients (60%) underwent a diverting stoma. The remaining eight patients (40%) underwent repair and synchronous diverting stoma. We did not find any significant differences between patients in which the repair was successful compared with patients with failed repair, but diabetes, smoking and preoperative irradiation were much more frequent in the failed group. Of the 18 patients who had a successful repair, 17 patients experienced normal voiding and no urinary incontinence. One patient was suffering from postprostatectomy incontinence before rectourethral fistula repair, and was successfully treated with Scott prosthesis. All the 13 patients in whom the stoma had been closed reported intact fecal continence and no anal stenosis postoperatively. Conclusions: The transsphincteric modified York Mason approach offers excellent exposure and a high fistula closure rate without fecal and urinary incontinence.
Introduction
RUF is an uncommon complication usually occurring after surgery or radiotherapy (external beam radiation and/or brachytherapy) for prostate cancer.
1,2 Pelvic trauma, 3 infections, 4 malignancy 5 and inflammatory bowel disease 6 are other rare causes. The incidence of rectal lesions during radical prostatectomy is reported to range from zero to 8.2%. 2 In our unit, the incidence was 0.65%.
RUF is a potentially devastating complication affecting quality of life. Typical symptoms are urinary drainage from the rectum and pneumaturia. When present, fecaluria is considered an adverse prognostic feature. 7 Other symptoms are urinary tract infections, pyelonephritis and perineal sepsis.
Besides the obvious symptoms described, the diagnosis of RUF is ascertained by rectal examination including rectoscopy, cystourethroscopy, cystourethrography and sometimes rectography. To relieve the symptoms, urinary diversion (indwelling urethral or suprapubic catheter) and fecal diversion (colostomy or loop ileostomy) are usually carried out.
RUF is challenging to correct. Several surgical techniques have been described including transperineal 7 incorporating graciloplasty, 8 as well as dartos flap interposition, 9 transanal rectal advancement flap, 10 transsphincteric (York Mason), 11 laparoscopic-assisted endorectal pull-through, 12 abdominoanal 13 (low anterior resection with coloanal anastomosis), abdominoperineal 14 and transanal endoscopic microscopic procedure. 15 All have their pros and cons, but there is no consensus in the literature as to which method to use. Important factors to consider are the etiology and the characteristics of the fistula, the condition of the patient, and the experience of the surgeon.
The aim of the present study was to evaluate the surgical and functional outcomes of our single institution's 15-year experience with surgically treated RUFs by the same surgeon, the author, using a modification of the original York Mason technique. 16 
Methods Patients
Eskilstuna County Hospital is a referral center for patients requiring transsphincteric repair of RUFs. During the 15-year study period of 2002-2016, 20 consecutive patients, including 17 referrals (85%) and three patients (15%) from our hospital, underwent transsphincteric repair of RUF. Data prospectively recorded in our database included patient demographics, etiology of fistula, surgical procedures and indications for surgery, number and type of previous repair attempts, fecal and urinary diversion, pathology of the resected specimens, early (in-hospital or within 30 days after surgery) and late complications (including those after loop ileostomy or colostomy closure), length of stay after surgery, functional results, postoperative pathology, and follow up. The surgical and functional outcomes were evaluated. In addition, we retrospectively classified RUFs according to the fistula staging system proposed by Rivera et al. in 2006. 17 All patients were men. The median age was 66 years (range 58-74 years). Patient characteristics and operative factors are presented in Table 1 .
The study was approved by the Regional Ethical Review Board, it conforms to the Declaration of Helsinki and each patient gave informed consent to the procedure.
Surgical technique
To assess the RUF, preoperative workup included voiding cystourethrogram, digital rectal examination, rectoscopy and, if not already carried out by the referring urologist, also cystourethroscopy.
In the majority of patients, fecal diversion had been carried out before the transsphincteric repair (Table 1 ). All patients in whom a stoma was planned concomitant with the fistula repair underwent a preoperative bowel preparation the day before surgery. Four liters of balanced electrolyte polyethylene glycol solution (Laxabon; BioPhausia AB, Stockholm, Sweden) was used. After induction of general anesthesia, all patients received a 14-Fr Foley urethral catheter. The bladder was rinsed with 500 mL 0.02% chlorhexidine solution followed by 500 mL 0.9% saline. Preoperatively, a single-shot antibiotic prophylaxis, 1500 mg cefuroxime and 1500 mg metronidazole, was given intravenously during the first 3 years of the present study. We then changed to oral antibiotics prophylaxis, 160 mg/800 mg trimethoprim/sulfamethoxazole and 1200 mg metronidazole 2 h before induction of anesthesia. If the patient was not diverted previously, a loop ileostomy was created.
The patient is placed in a prone jackknife position and the buttocks are spread apart using adhesive plaster (Fig. 1) . A skin incision by diathermy is made from the anal verge extending to the left of the coccyx. The subcutaneous tissue is divided. The external anal sphincter is identified, demarcated with stay sutures to facilitate the reconstruction and incised. Successively, the puborectalis, the internal anal sphincter and the rectal wall are dealt with in the same way (Fig. 2) . A 6-Fr feeding tube is passed through the fistula located in the anterior rectal wall to aid the excision of the fistula. The orifice of the fistula, the complete fistulous tract including the orifice in the posterior urethral wall and the adjacent inflammatory tissue are excised (Fig. 3) . The anterior rectal wall is carefully mobilized from the posterior urethral wall using diathermy. The defect in the urethral wall is closed using 3-0 Vicryl interrupted sutures, if possible placed transversely in one layer (otherwise in a way appropriate to minimize the tension on the urethral wall). The next important step and modification of the original procedure is to mobilize pararectal fat in order to interpose a layer of tissue between the suture line in the urethra and anterior rectal wall, which is closed with 4-0 PDS running sutures (Fig. 4) . Our modification of the approach originally described by York Mason was previously presented in this journal. 18 The posterior rectal wall is also closed with 4-0 PDS running sutures. The sphincter muscles are closed in layers with 2-0 PDS interrupted sutures. Finally the subcutaneous tissue and the skin are closed in a standard fashion. During the first 3 years of the study period, a subcutaneous suction drain was used, later a drain was deemed unnecessary and abandoned therefore. In one patient, the York Mason approach was combined with dartos muscle interposition flap. The flap technique was described by Varma et al. 
Follow up
The urethral catheter was maintained until a voiding cystourethrogram carried out 4 weeks postoperatively confirmed adequate healing of the RUF. If not healed, the voiding cystourethrogram was repeated after an additional 4 weeks. The stoma was closed within 2-3 months.
Statistical analysis
The data were prospectively recorded. All data are reported in numbers and percent for categorical variables, and medians with IQRs in the continuous variables, unless otherwise specified. Comparisons between groups were made with the Mann-Whitney U-test for continuous data, for discrete categorical data the Fisher's exact test was used. All tests were two-sided. P < 0.05 was considered statistically significant. The statistical analysis was carried out with Statistica version 12 (TIBCO Software Inc., Palo Alto, CA, USA). ) . The clinical manifestations were urinary drainage from the rectum (n = 12, 60%), pneumaturia (n = 6, 30%), fecaluria (n = 6, 30%), urinary tract infections (n = 2, 10%) and hematuria (n = 1, 5%). The median time elapsed between index operation to diagnosis of the RUF was 19 days (IQR 14-58 days, range 2-402 days). The median time elapsed between diagnosis of the RUF to repair was 178 days (IQR 153-468 days, range 128-1247 days). Before RUF correction, 12 patients (60%) underwent a diverting stoma. The remaining eight patients (40%) underwent repair of the RUF and synchronous diverting stoma. At the referring hospital, one patient had undergone a non-successful attempt to correct the RUF through a posterior approach without dividing the sphincters 734 days before the York Mason procedure. Of the 20 patients, initially 17 were repaired successfully (85%). Thus, the repair failed in three patients. Of these, two had undergone a diverting stoma before the repair of the RUF and one underwent a synchronous diverting stoma.
We did not find any significant differences between patients in which the repair was successful compared with patients with failed repair (Table 1) . However, diabetes, smoking and preoperative irradiation were much more frequent in the failed group. The first patient to fail had undergone an open retropubic prostatectomy for prostate cancer and concomitant low anterior resection for rectal cancer preceded by short-course preoperative radiotherapy (5 9 5 Gy). He was also suffering from diabetes. No visible rectal injury was recognized intraoperatively. Urinary drainage from the rectum presented 15 days postoperatively, and a diverting colostomy was created before referral. A second attempt 219 days later using the York Mason technique also failed. Cystourethrogram 56 days and 91 days postoperatively showed persistent RUF. It was decided to leave the bladder in situ and carry out a Bricker ileal conduit.
The second patient to fail had undergone a robot-assisted prostatectomy for prostate cancer. He was a smoker. No visible rectal injury was recognized intraoperatively and 29 days later he presented with pneumaturia. A colostomy was fashioned before referral. Cystourethrogram 35 days and 85 days postoperatively showed persistent RUF. A cystectomy and Bricker ileal conduit was carried out.
The third patient to fail had also undergone a robotassisted prostatectomy for prostate cancer. He was a smoker. A rectal injury was recognized and sutured intraoperatively. However, 61 days later he presented with hematuria. He was referred. Fistula closure and loop ileostomy were carried out synchronously. The fistula was healed at cystourethrogram 34 days later, but recurred within 9 days. A second York Mason attempt was unsuccessful. Cystourethrogram 54 days and 145 days postoperatively showed persistent RUF. After a third operation with a York Mason approach combined with a dartos muscle interposition flap, cystourethrogram 41 days postoperatively showed that the RUF eventually was healed, resulting in a 90% total cure rate.
Postoperative complications were seen in two patients (9.1%). One patient had deep vein thrombosis 21 days postoperatively during dalteparin thromboprophylaxis, and one patient had ileus 9 days postoperatively due to a too small opening in the abdominal wall necessitating refashioning of the loop ileostomy.
Of the 18 patients eventually having a successful repair, 17 patients experienced normal voiding and no urinary incontinence. One patient was suffering from postprostatectomy incontinence before RUF repair and was successfully treated with Scott prosthesis.
In 13 patients of the successfully healed patients, the diverting stoma has been closed. The postoperative course was uneventful. All of them reported intact fecal continence and no anal stenosis postoperatively. Of the five patients still having a stoma, an attempt to reverse the stoma was unsuccessful in one patient because of extensive adhesions. In another patient, it was decided not to reverse the stoma because of disseminated prostatic carcinoma. The remaining three patients are waiting for stoma closure.
No RUF recurrence occurred in the 18 successful repairs during a median follow-up time of 84.7 months (IQR 39.7-92.6 months, range 1.4-185.1 months).
Discussion
To our knowledge, this series is currently the largest outside the USA of the York Mason approach for the repair of RUFs, and the results are comparable with those in previous York Mason series reporting 88-100% success. 1, 4, 11, 17, [19] [20] [21] [22] [23] [24] [25] Several surgical techniques have been described to manage this rare, but devastating, condition. [7] [8] [9] [10] [11] [12] [13] [14] [15] All have their pros and cons, but there is no consensus in the literature as to which method to use. 2, 11, 17, 20, 22, 25 The cure rate using the York Mason approach is reported to be 88-100%. 1, 2, 4, 11, 17, [19] [20] [21] [22] [23] [24] [25] Unfortunately, an adequate comparison of the treatment outcome between the York Mason approach and most of the other surgical approaches to deal with RUFs, reporting a cure rate of 61.5-100%, is complicated by the limited number of patients in each study and the wide range of follow-up time (2-15 months). 9, 10, [12] [13] [14] [15] 26 Our series of 84.7 months follow up is long compared with other York Mason series presenting follow up ranging from 17 to 74 months. 2, 20, 22, 25 The transsphincteric approach using a modification of the York Mason technique is associated with numerous advantages.
First, an excellent access to the orifice of the RUF in the anterior rectal wall and subsequently to the posterior urethral wall, which is crucial to achieve successful closure of the RUF. 1, 11, 17, 20, 22, 25 As stated by Alam et al., among others, the divided tissue is unscarred. 17, [20] [21] [22] 25 By maintaining a midline sagittal dissection, the posterolateral rectal innervations, urinary continence and sexual potency are preserved. 20, 21 These studies confirm the results in the present study of normal voiding and no procedure-related urinary incontinence. Second, another advantage is separation of the suture lines in the urethral wall and the anterior rectal wall by interposing pararectal fat. 18 We have always managed to interpose pararectal fat. 18 Other authors claim that the disadvantage of the York Mason approach is the inability to interpose tissue between the suture lines. 9, 20 Our use of a fat pad to aid in the repair of RUF is supported in a recently published study. 27 There seems to be a consensus to accomplish tissue interposition by some type of flap in patients who have brachytherapy-related fistulas or large fistulas. 1 Third, the York Mason approach is associated with low morbidity. 1, 11 Some authors have expressed concern that dividing the anal sphincters will result in fecal incontinence, 25 and in 5-7% risk of rectocutaneous fistula formation. 19, 28 In our series, as in other studies, anal sphincter healing was uneventful and no patient developed rectocutaneous fistula. 1, 11, 20, 22 We found, hardly surprising, that in the three patients with initially failed repair, diabetes, smoking and preoperative irradiation were much more frequent than in patients having a successful repair. Diabetes, smoking and preoperative irradiation involves an increased risk of adverse events in most surgical procedures. Combination with a dartos muscle interposition flap in failed repair might enhance the cure rate.
A controversy in the literature is whether or not to close the urethral wall. Kasraeian et al. are proponents of not closing the urethral wall, because it can be technically difficult and potentially dangerous; thereby avoiding possible injury to poorly visualized ureteral orifices that might be in close proximity to the fistulous tract. Healing is not impaired if successful non-overlapping, multilayer closure of the anterior rectal wall is carried out. 22 This opinion is supported by Al-Ali et al.
29
In contrast, the largest York Mason series in the literature, reported by Hadley et al., advocated the importance of closing the urethral wall. The three-layer closure provides the best opportunity for success, 11 also in line with other studies 1, 17, 20, 25 and the present study. Another topic of debate is how to deal with recurrent RUF. In a study by Kasraeian et al., they pointed out that the unscarred tissue planes of the York Mason approach and the associated ease of access to the anterior rectal wall fistula facilitate successful management of recurrent RUF after prior attempts at repair regardless of whether the approach at initial surgery was transabdominal, perineal or transanal. 22 They also concluded from their own results that the York Mason procedure can be carried out multiple times without a significant increase in intraoperative and perioperative morbidity. 22 Selection of the appropriate procedure depending on the nature of the RUF and the condition of the patient is crucial. 1, 24, 25 Considering the first patient of our two repeat York Mason procedures due to recurrence, it would probably have been wise to select a procedure that incorporates interposition of non-irradiated tissue. 4, 30 The need for diverting stoma is also a matter of discussion. The opponents argue that it is only necessary in selected patients.
1,2,4,17,24, 30 The proponents argue that the first attempt at closure of a RUF should not be compromised. Both fecal and urinary diversion adds benefit to the final outcome. [20] [21] [22] 25 We also believe that it is prudent to optimize conditions at the first attempt at surgery, thus all patients in this series were diverted.
An interesting issue is the timing of the repair. A review article by Mundy et al. states that an early postoperative "leak" might heal spontaneously usually within 3 months before the track has epithelialized. An established RUF that has epithelialized will therefore not close spontaneously. There is no report of an established RUF closing spontaneously and permanently (and no suggestion at all that a post-irradiation RUF will do so). 30 Renschler et al. noted that spontaneous closure is rarely successful and the time required is uncertain, causing patient and surgeon frustration. 1 Hadley et al. observed that spontaneous closure occurs rarely, even with urinary and fecal diversion; they had not witnessed one in their series representing 40 years of experience.
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Based on these facts, we have adopted the policy to proceed with surgery in case of no healing of the RUF within 6 months.
The transsphincteric modified York Mason approach offers excellent exposure and high fistula closure rate without fecal and urinary incontinence.
